Abstract. Databases of pathogenic variants form the basis for clinical genomic diagnosis using next-generation sequencers. ClinVar and the Human Gene Mutation Database (HGMD) are two major databases for pathogenic variants. However, ethnic diversity in the distributions of pathogenic variants in these databases has been observed; thus, geographic region-specific variant databases are required. We established a Japanese pathogenic variant database in 2016 and began registering pathogenic variants from published articles written by Japanese researchers. The criteria for registration are as follows: 1) the variant has been validated using Sanger sequencing, 2) the minor allele frequency of the variant is lower than 0.03 in the normal Japanese population, and 3) the clinical features of the patient have been critically evaluated by multiple clinicians and geneticists. All registered variants can be downloaded as an aggregated single VCF file to use in laboratories. We are presently curating variants from more than 2000 articles and estimate the registration of >10,000 pathogenic variants derived from the Japanese population. Although the number of registered variants remains relatively small, the clinical genetics community in Japan has begun to work on this initiative in a concerted manner.
Background
Databases of pathogenic variants form the basis for clinical genomic diagnosis using next-generation sequencing (NGS). The Human Gene Mutation Database (HGMD) [12] and ClinVar [4] are two major resources. ClinVar is publicly available and serves the international rare disease community.
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ClinVar has accumulated over 582,190 variants, including 116,473 pathogenic or likely-pathogenic variants. However, ethnic diversity in the distributions of pathogenic variants has been observed, and nation-specific variant databases, such as FinDis [http://www.findis.org], have been established in some countries [10] .
At present, Japan does not have a nationwide pathogenic variant database. Unfortunately, the coverage of Japanese variants in ClinVar is far from complete. For example, among the 60+ pathogenic variants of the phenylalanine hydroxylase [PAH] locus that have been described by a Japanese biochemical geneticist [7] , only 20 have been registered in the ClinVar database. We have designed a pathogenic variant database dedicated to rare genetic diseases in Japan and have accumulated more than 2,000 variants so far.
Methods
The present project was approved by the institutional review board of Keio University School of Medicine. No identifiable personal information were gathered or registered. Data were obtained from various resources including published literature, locus-specific databases, output from a Japanese program for undiagnosed diseases(Initiative on Rare and Undiagnosed Disease, IRUD [1] ), and reports published by the Japanese government (Nam-byo study).
Published articles that were potentially relevant to our project were collected in a semi-automatic manner using the software programs tmVar for the selection of variants and GNormPlus for the selection of gene symbols [14] . The entire PubMed database was searched using EDirect software and the keywords "case reports" and "address equals Japan" (https://dataguide.nlm.nih.gov/ edirect/overview.html).
We selected articles for which the last names of the principal investigators were Japanese. The database was designed so that the minimal dataset required for ClinVar submission would be included. The database was mainly built using MySQL. Some scripts for annotation and data processing were built using Python and Java. The programmed script for the database displays the variants. The annotation was performed using relatively accepted public programs including TransVar for the coordinate conversion [18] , vcfanno for the table annotation [8] , Variant Effect Predictor to convert the g.HGVS format to the VCF format [16] , CrossMap for the lift-over between hg10 and GRCh38 [17] , and InterVar for the semi-automatic variant scoring [5] .
Positional information on the variants at the cDNA sequence or protein sequence levels were converted to genome coordinates (GRCh37 or GRCh38) using TransVar software [18] . Once the genome coordinates were determined by the curators, the variant information per the genome coordinate was again converted to the cDNA sequence or protein sequence level to ensure that the entire conversion process was performed in an appropriate manner.
Only those variants that met the following criteria were registered: 1) the variant had been validated using Sanger sequencing 2) the minor allele frequency of the variant had been evaluated using a database of 3554 normal Japanese subjects (Integrative Japanese Genome Variation Database [iJGVD], developed by the Tohoku Medical Megabank Organization [15] ) and, for genes that cause autosomal recessive disorders, had been found to be lower than 3% (genes that cause severe pediatric autosomal dominant diseases, as defined by the Clinical Genomics Database [11] were discarded), and 3) the clinical features of the patient from whom the variant was derived had been critically evaluated by two independent pediatricians and two medical geneticists.
As a criterion for validation, we basically followed the rule suggested by the 2015 guideline, Standards and Guidelines for the Interpretation of Sequence Variants: A Joint Consensus Recommendation of the American College of Medical Genetics and Genomics [ACMG] and the Association for Molecular Pathology. Our policy for evaluating the pathogenicity of variants is posted on the website that hosts the database. Software that implements the ACMG rule, InterVar, was used to assist with the manual curation of the variants.
After a manual curation process, variants that met the above criteria for "pathogenic" and "likely pathogenic" were made available to the public. These variants can be viewed according to the name of the genes or the OMIM disease name.
The distributions of the Combined Annotation Dependent Depletion [CADD] scores [6] for the registration of non-synonymous variants were evaluated and compared with those of the CADD scores for non-synonymous variants obtained from the iJGVD. The CADD scores were evaluated according to standard methods. The distribution curves were drawn using R, an open source software environment for statistical computing and graphics [13] .
Results
A total of 93,351 articles written by Japanese researcher were searched in PubMed in a semiautomatic manner, and 2126 abstracts for case reports describing a genetic analysis performed using tmVar were selected. In addition, articles provided by the Nan-byo Study group and the IRUD were also collected, and about 300 articles have been manually curated. Variants from three locus-specific databases (Japanese Familial Alzheimer's Disease, Resource of Asian Primary Immunodeficiency Diseases, and Fabry-database.org) were added after confirming the genome coordinates of the variants [2, 3, 9] . The database has been made public at http://dpv.cmg.med.keio.ac.jp/dpvpub/variants. Currently, 1474 variants of 224 genes that cause 213 rare diseases have been made available. These variants can be downloaded as a single VCF file for inclusion in nextgeneration sequencing pipelines. The content of the entire database is provided in a variant call format file (VCF). The VCF contains various information on annotation that has been used for curation. Fig. 1 shows the distribution of the CADD scores of the 1474 registered non-synonymous variants compared with the CADD scores of the 288621 non-synonymous variants obtained from 3554 normal Japanese subjects (iJGVD). Most of the CADD scores of the variants registered in the DPV were above 25, with a very small number of variants having CADD scores below 25. In contrast, many of the non-synonymous variants from the iJGVD had CADD scores below 25. Nevertheless, quite a large number of variants in the iJGVD had CADD scores of above 25.
Discussion
We have successfully developed a prototypic database for pathogenic variants enriched in the Japanese population. With the help of the iJGVD database of normal population variants, we have systematically removed common variants. The distribution of CADD scores among the collected pathogenic variants and the distribution within the normal population database support the overall validity of our curation process.
This database should facilitate exome sequencing/medical exome sequencing for clinical diagnostic purposes, since publicly accessible databases of human genetic variants can serve as sources of valid scientific evidence to support the clinical validity of genotype-phenotype relationships when performing NGS-based tests (FDA's guidance, "Use of Public Human Genetic Variant Databases to Support Clinical Validity for Next Generation Sequencing [NGS]-Based In Vitro Diagnostics").
The aggregation, annotation and evaluation of the variants were performed by three independent curators. We plan to continue curating the list of variants that have been collected in a semi-automatic manner. We are also encouraging researchers investigating individual rare genetic disorders to register the variants that they have collected to date. The proof-of-concept demonstrated herein is applicable to any other country that has yet to establish a pathogenic variant database.
Conclusion
We have established a pathogenic variant database that registers mainly variants obtained from Japanese patients with rare diseases. Although the number of registered variants remains relatively small, the clinical genetics community in Japan has begun to work on this initiative in a concerted manner.
